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Abstract
Problem statement: Nurses have one of the highest rates of work-related musculoskeletal injury of any profession.
Over the past 30 years, efforts to reduce work-related musculoskeletal disorders in nurses have been largely
unsuccessful.
Specific aims: The primary goal of this program was to create safer working environments for nursing staff who
provide direct patient care. Our first objective was to design and implement a multifaceted program that successfully
integrated evidence-based practice, technology, and safety improvement. The second objective was to evaluate the
impact of the program on injury rate, lost and modified work days, job satisfaction, self-reported unsafe patient
handling acts, level of support for program, staff and patient acceptance, program effectiveness, costs, and return on
investment.
Intervention: The intervention included six program elements: (1) Ergonomic Assessment Protocol, (2) Patient
Handling Assessment Criteria and Decision Algorithms, (3) Peer Leader role, ‘‘Back Injury Resource Nurses’’, (4)
State-of-the-art Equipment, (5) After Action Reviews, and (6) No Lift Policy.
Methods: A pre-/post design without a control group was used to evaluate the effectiveness of a patient care
ergonomics program on 23 high risk units (19 nursing home care units and 4 spinal cord injury units) in 7 facilities.
Injury rates, lost work days, modified work days, job satisfaction, staff , and patient acceptance, program effectiveness,
and program costs/savings were compared over two nine month periods: pre-intervention (May 2001–January 2002)
and post-intervention (March 2002–November 2002). Data were collected prospectively through surveys, weekly
process logs, injury logs, and cost logs.
Results: The program elements resulted in a statistically significant decrease in the rate of musculoskeletal injuries as
well as the number of modified duty days taken per injury. While the total number of lost workdays decreased by 18%
post-intervention, this difference was not statistically significant. There were statistically significant increases in two
subscales of job satisfaction: professional status and tasks requirements. Self-reports by nursing staff revealed a
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statistically significant decrease in the number of ‘unsafe’ patient handling practices performed daily. Nurses ranked
program elements they deemed to be ‘‘extremely effective’’: equipment was rated as most effective (96%), followed by
No Lift Policy (68%), peer leader education program (66%), ergonomic assessment protocol (59%), patient handling
assessment criteria and decision algorithms (55%), and lastly after action reviews (41%). Perceived support and interest
for the program started at a high level for managers and nursing staff and remained very high throughout the program
implementation. Patient acceptance was moderate when the program started but increased to very high by the end of
the program. Although the ease and success of program implementation initially varied between and within the
facilities, after six months there was strong evidence of support at all levels. The initial capital investment for patient
handling equipment was recovered in approximately 3.75 years based on annual post-intervention savings of over
$200,000/year in workers’ compensation expenses and cost savings associated with reduced lost and modified work days
and worker compensation.
Conclusions: This multi-faceted program resulted in an overall lower injury rate, fewer modified duty days taken per
injury, and significant cost savings. The program was well accepted by patients, nursing staff, and administrators. Given
the significant increases in two job satisfaction subscales (professional status and task requirements), it is possible that
nurse recruitment and retention could be positively impacted.
r 2005 Elsevier Ltd. All rights reserved.
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What is already known about the topic?:
 Nursing is a high risk occupation, and performance
of patient handling tasks contributes significantly to
this occupational risk. Interventions to reduce risk associated with patient
handling tasks have been based on tradition and
personal experience rather than scientific evidence. Patient handling is most commonly performed
manually, augmented with classes in body mechanics
and training in lifting techniques. Despite the fact
that these strategies are NOT evidence-based, and
have been deemed ineffective, they are still widely
used and taught in schools of nursing. There is moderate evidence that multifactor inter-
ventions based on risk assessment are more successful
than an individual intervention.
What this paper adds?:
 This program resulted in improvements in injury
rates, modified duty days, job satisfaction, costs, and
self-reported performance of ‘unsafe’ patient hand-
ling practices. The number of lost work days
decreased, but was not statistically significant. Nurses ranked program elements in order of their
perceived impact: equipment, no lift policy, peer
leader education program, ergonomic assessment
protocol, patient handling assessment criteria and
decision algorithms, and lastly after action reviews. There was strong support for the program from
caregivers, patients, and administrators. The return on investment was recovered in approxi-
mately 3.75 years.
1. Problem statement
Nurses have one of the highexst incidences of work
related back injuries of any profession (Bureau of Labor
statistics BLS, 2002), estimated at 12.6/100 full time
workers (Bureau of Labor Statistics [BLS], 2003). This
number is considered to be a low estimate, since
underreporting of injuries in nursing is common (US
Department of Health and Human Services (USDHHS),
1999). Data from over 80 studies across a number of
countries indicated that back injury to nurses have a
worldwide point prevalence of approximately 17 per-
cent, an annual prevalence of 40-50 percent and a
lifetime prevalence of 35–80 percent (Hignett, 1996).
There has been a steady decline in occupational injuries
starting in 1992, but when work-related injuries for
patient care providers are examined, no such improve-
ment is noted (Fragala and Bailey, 2003).
Over the past 30 years, most efforts to reduce work-
related musculoskeletal disorders in nursing have
focused on body mechanics and lifting techniques.
However, these efforts have consistently failed to reduce
the risk associated with patient handling and movement
(Anderson, 1980; Brown, 1972; Buckle, 1981, 1987;
Daltroy, 1997; Daws, 1981; Dehlin et al., 1976; Harber
et al., 1994; Hayne, 1984; Lagerstrom and Hagberg,
1997; Larese and Fiorito, 1994; Shaw, 1981; Snook
et al., 1978; St. Vincent et al., 1989; Stubbs et al., 1983;
Venning, 1988). In 2002, the Veterans Health Adminis-
tration spent approximately $22 million over a one-
year period in costs associated with injuries related to
patient handling (Hodgson, 2001). Preventative inter-
ventions are critically needed to control the hazards and
economic burdens associated with patient handling
tasks. With the existing nursing shortage, efforts to
improve safety and decrease work-related injuries could
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have a huge impact on the recruitment and retention of
qualified nursing staff.
2. Background
Many patient handling tasks are considered to be
high-risk, based on the magnitude of weight lifted,
awkwardness and unpredictable nature of the load lifted
(patient), and sustained awkward positions used to
provide nursing care. Historically, patient handling
injury-reduction strategies have been based on tradition
and personal experience rather than scientific evidence.
The most commonly approach is manual patient lifting,
augmented with classes training in body mechanics,
training in safe lifting techniques, and use of back belts.
There is strong evidence that these approaches are NOT
effective in reducing caregiver injuries (Nelson et al.,
2003a; Nelson and Baptiste, 2004; in press). Promising
new interventions are now being tested. Given the
complexity of this high-risk, high volume, high-cost
problem, multifaceted programs are more likely to be
effective than any single intervention (Panel on Muscu-
loskeletal Disorders in the Workplace, 2001; Stetler
et al., 2003).
Hignett (2003) summarized 63 studies and graded the
evidence related to patient handling interventions. She
grouped the studies into three categories: multifactor
interventions, single factor interventions, and training
interventions; she concluded:
 There is moderate evidence that multifactor inter-
ventions based on risk assessment are successful. There is moderate evidence that multifactor inter-
ventions NOT based on risk assessment are success-
ful. There is moderate evidence that a single factor
intervention (patient handling equipment alone) is
successful. There is moderate evidence that a single factor
intervention, lift teams are successful. There is strong evidence that technique training
interventions are not effective in improving work
practices or reducing injury rates. There is moderate evidence that technique training
interventions have mixed results in the short term.
In 1994, Lahad et al. (1994) reviewed evidence for
four interventions to prevent low back pain. Studies
published between 1966 and 1993 were included
(n ¼ 64). There is limited evidence that exercises to
strengthen back or abdominal muscles and improve
fitness will decrease incidence and duration of low back
pain episodes. There is minimal support for education
strategies and insufficient evidence to recommend back
belts. There were no published studies that examined
risk factor modification (smoking cessation and weight
loss), but it has merit for future research.
In 2003, Stetler et al. summarized literature from the
1990s (Stetler et al., 2003) to develop a safe patient
handling plan for a hospital. The plan included external
evidence (research findings) and internal evidence
(systematic data collected on site to refine and improve
program). They determined:
 No simple solution or single intervention would be
effective. Multifaceted interventions should include at least
two of the following: elimination of risk factors,
engineering controls, administrative controls (no lift
policy), training/education. Successful evidence-based strategies for changing
behavior include: opinion leaders, educational out-
reach, reminder systems, and audit/feedback. Given the scope of this problem, further research is
needed to test multifaceted programs to create safer
work environments for caregivers. Such was the goal
of this study.
3. Goals and objectives
The primary goal of this program was to create safer
working environments for nursing staff who provide
direct patient care. Our first objective was to design and
implement a multifaceted program that successfully
integrated evidence-based practice, technology, and
safety improvement. The second objective was to
evaluate the impact of the program on injury rate, lost
and modified work days, job satisfaction, self-reported
unsafe patient handling acts, level of support for
program, staff and patient acceptance, program effec-
tiveness, costs, and return on investment.
4. Program description
A multifaceted program with six program elements
was designed after examining international case studies
within and outside the healthcare industry (Nelson, 2003;
Nelson et al., 2003b). The program elements included:
(1) ergonomic assessment protocol, (2) patient handling
assessment criteria and decision algorithms, (3) peer
safety leaders, known as a Back Injury Resource Nurses
(BIRNS), (4) patient handling equipment based on needs
identified in the ergonomic assessment, (5) after action
review (AAR) process, and (6) no lift policy. Details
about these interventions have been published elsewhere
(Nelson et al., 2003b) and can also be found on the web
(www.visn8.med.va.gov/patientsafetycenter/).
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5. Methods
A pre/post design without a control group was used to
evaluate the effectiveness of a patient care ergonomic
program in 23 high risk units. Injury rates, lost and
modified work days, job satisfaction, self-reported
unsafe patient handling acts, level of support for
program, staff and patient acceptance, program effec-
tiveness, and costs were compared for the nine month
pre-intervention (May 2001–January 2002) and the nine
month post-intervention (February 2002–October 2002)
periods. Data were collected prospectively through
surveys, weekly process logs, injury logs, cost logs, and
focus groups.
Study sites: Twenty-three (23) high-risk units (19
nursing home care units (NHCU) and four spinal cord
injury (SCI) units) in seven facilities in southeast United
States were included as research sites for implementation
of this project. High-risk units were defined as inpatient
hospital units with a high proportion of dependent
patients, requiring full assistance with patient handling
tasks, including lifting and activities of daily living.
Historically, these units have the highest incidence and
severity of job-related musculoskeletal injuries and
are most likely to benefit from an effective program
intervention. The 19 NHCUs ranged from 38 to 60 beds
and were staffed with 19–53 nursing personnel. The 4
SCI units ranged from 20 to 56 beds and were staffed
with 27–47 personnel. The baseline for these units
varied, but most units had training programs and some
equipment in place. One unit had ceiling mounted
patient lifts in every room.
Measurement: Key measures included injury rate, lost
and modified work days, job satisfaction, self-reported
unsafe patient handling acts, level of support for
program, staff and patient acceptance, program effec-
tiveness, costs, and return on investment. Table 1
outlines the operational definition, data source, fre-
quency of data collection, as well as the plan for
analysis.
Sample: In the 23 participating units, there were a
total of 1,133 nursing staff, of which 825 (73%) signed
an informed consent agreeing to participate. The sample
included all direct patient care nursing staff (n ¼ 825),
including registered nurses (RN), licensed practical
nurses (LPN), nursing aides (NA), student nurses,
health care technicians assigned to perform patient care
(GU tech, patient transport tech, shower team mem-
bers), and nurse managers who performed direct patient
care. Of all staff in the 23 units, a total of 462 staff
were not characterized by their nurse job titles to
enhance anonymity. Among the 671 staff with specified
job titles, 216 (32%) were NAs, 172 (26%) were LPNs,
241 (36%) were RNs, and 42 (6%) were classified as
‘Other’. A chi-square test (p ¼ 0.58) determined there
was no statistically significant differences in the dis-
tribution of nurse job title among the consent and non-
consent staff. This sample was used for injury and cost
data. The inclusion and exclusion criteria, as well as
sample size differed for other data collection strategies,
as described below.
Sample for surveys: A random sample (n ¼ 300) of the
825 participating direct care nursing staff were invited to
complete the surveys. An overall response rate of 70%
(N ¼ 209) was achieved for the pre-intervention survey.
Post-intervention resignations, retirements, or transfers
resulted in 30% (n ¼ 90) loss to follow-up. 70%
(N ¼ 210) of the original 300 employees were still
employed for the post-intervention survey. Of the 210
surveys distributed, the overall response rate was 79%
(N ¼ 166). There was little variation in response rate by
job title or type of unit (SCI or NHCU).
Sample for focus groups: Direct care nursing staff on
each high-risk unit were invited to participate in focus
groups. A total of 18 staff focus groups were held, with
4–15 participants in each group. Nine focus groups were
held at both the start and at the end of the program. The
second round of focus groups included one management
focus group at all but one site. Management personnel
invited to participate included nurse managers, nurse
administrators, nurse educators, clinical nurse specia-
lists, safety staff, occupational health staff, and other
management staff involved in the implementation of the
program.
Case definition for injuries: Since the interventions
were designed to prevent or minimize injuries related to
patient handling, it is critical to exclude other injuries
associated with keyboard tasks, falls in parking lot, etc.
which are likely included in injury databases. To
minimize this confounder, we developed an algorithm
(case definition) to operationalized patient handling
injuries. See Fig. 1. Only musculoskeletal injuries that
occurred during patient handling tasks were included.
Data collection protocol: Data were collected prospec-
tively through surveys, weekly process logs, injury logs,
and cost logs. Data collection was coordinated at each
site by a trained site coordinator. Subject participation
included completion of surveys and providing the site
coordinators with injury data if a case was identified.
Subjects who reported a musculoskeletal injury that
occurred during patient handling tasks were initially
interviewed by the Site Coordinator and had monthly
follow up interviews to track days away from work and
injury-related costs. All data was handled as intent to
treat and every effort was made to contact the subjects
each month. The initial injury interview took approxi-
mately 20min and the follow-up interview, on average,
took less than 10min given no significant follow-up
information was given and up to 30min if significant
changes in the injury information occurred. Both
injury data and log data were manually collected on
word documents and entered by hand into an Access
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database. A random sample of 20% were double-
checked for consistency.
Data analysis plan: A Poisson regression model was
used to test injury rate differences pre- and post-
intervention. The unit of analysis for the model was
the unit nested within each site. Pre- and post-interven-
tion injury rates were treated as repeated measures and
generalized estimating equations (GEE) were used to
adjust for correlation in the data. PROC GENMOD in
SAS 8.1 was used.
Mean values for the number of modified duty days
taken per injury were calculated for each unit in the
study for both pre- and post-intervention. Change scores
were calculated for each unit by subtracting the mean
value for the pre-intervention by the mean value on the
post-intervention for each variable. Even after eliminat-
ing one change score that was shown to be an outlier,
the distribution of change scores did not support the
application of parametric statistical test. Therefore, a
non-parametric approach using the Wilcoxon signed-
rank test was conducted. Mean values for the number of
lost days taken per injury were calculated for each unit
in the study for both pre- and post-intervention. Change
scores were calculated for each unit by subtracting the
mean value for the pre-intervention by the mean value
on the post-intervention for each variable. A non-
parametric approach using the Wilcoxon signed-rank
test was conducted.
To test the change in job satisfaction, paired t-test was
run between each job satisfaction component pre- and
post-intervention using PROC GLM in SAS 8.1. All
survey results were interpreted using the modified
Bonferoni approach, ensuring experiment-wise p values
at o.05 (Holland and copenhaver, 1988). A Cochran–
Mantel–Haenszel test was employed to test the
difference in the unsafe patient handling pre- and post-
intervention. Descriptive statistics (percentage and
frequency) were used to determine the perceived level
ARTICLE IN PRESS
Should the Incident/Injury be Included in the Study?
Is the injury musculoskeletal and did it
occur on any Spinal Cord Unit (SCI) or
Nursing Home Care Unit (NHCU)
participating in the project?
Did the injury occur to:
(1) RN
(2) LPN
(3) NA
(4) Student nurse
(5) Healthcare tech assigned to perform
patient care (such as GU tech or shower
team)
(6) Nurse Manager/CNS involved with
patient care
Did the incident/injury occur to staff from
any participating NHCU/SCI unit while they
were:
(1) Working or floating on another
participating NHCU/SCI unit
(2) Taking/transferring a participating
NHCU/SCI unit patient for procedure within
the facility
Was the injury sustained while:
(1) A patient was being moved/lifted laterally or vertically
(2) A patient was being repositioned in a bed/chair
(3) Patient care tasks related to ADLs were being performed
(4) Patient care equipment was being moved
(5) Managing aggressive behavior
(6) Patient was put into or taken out of chairs, beds, or patient care equipment/slings/devices/etc.
Yes No
Yes
Yes
DO NOT
INCLUDE AS A
CASE
INCLUDE AS
A CASE
No No
No
Yes
Fig. 1. Injury report algorithm.
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of support for the program and perceived program
effectiveness. (See also Table 1, depicting analysis plan
for each variable).
6. Results
Injury rates: Post-intervention injury rate decreased in
15 of the 23 units, increased in 7 units and remained the
same in 1 unit. Overall, the injury rate decreased from
24.0/100 caregivers at baseline and 16.9/100 caregivers
post-intervention. Post-intervention injury rates were
found to be significantly lower w2(1, n ¼ 46) ¼ 4.42,
p ¼ 0.036. Table 2 depicts the injury rates by unit.
Modified duty days: The number of modified duty
days decreased significantly (p ¼ .02) from 1,777 mod-
ified duty days during the 9 month pre-intervention
period, to 539 modified duty days during the 9 month
post-intervention period. All but one site saw decreases
in the average number of modified duty days taken per
injury from pre-to post-intervention (Table 3). The
median of modified duty days decreased in five sites
post-intervention, increased in one site and remained the
same in one site. (Table 4). Using the Wilcoxon signed-
rank test, a statistically significant difference was found
between pre-intervention scores for modified duty days
(median ¼ 10.2) and post-intervention (median ¼ 6.2),
Z (n ¼ 22) ¼ 2.3, p ¼ 0.02.
Lost work days: During the 9 month pre-intervention
period, 18 caregivers suffered lost work day injuries
related to patient handling. These 18 injuries resulted in
a total of 256 lost work days, an average of 14.2 days
per injury. During the 9-month post-intervention
period, 20 caregivers suffered lost workdays, resulting
in 209.5 lost workdays, an average of 10.5 days per
injury (Table 5). The median of lost work days decreased
in five sites post-intervention, and increased in two
sites. (Table 6). Wilcoxon signed-rank test was con-
ducted and no statistically significant differences
were found for lost days (pre-intervention median ¼ 1,
post-intervention median ¼ 1), Z (n ¼ 23) ¼ 0.26,
p ¼ 0.79.
Self-reported unsafe patient handling and lifting
practices: Nurses were asked to self report the number
of times in a typical day they performed patient handling
tasks unsafely, that is without the proper equipment or
number of staff needed. Responses included none, 1–2,
3–4, 5–6, 7–8, 9–10, 10+. There was a statistically
significant decrease in the number of self-reported
unsafe patient handling practices during the post-
intervention period based on Cochran–Mantel–Haenz-
sel (p ¼ 0.027). Fig. 2 illustrates self-reported unsafe
patient handling acts pre- and post-intervention.
Job satisfaction: Table 7 lists the mean score for each
of the six job satisfaction components and the overall
job satisfaction score, which was the mean of all survey
items. The overall score and five of the six component
scores increased from pre-to post-intervention, indicat-
ing an increase in job satisfaction (pay, professional
status, task requirements, autonomy, and organizational
policies). Professional status and task requirements
increased significantly.
Perceived support for the program: During pre-
intervention, a total of 675 BIRN perceptions of the
level of support from their nurse manager were recorded
over 9 months, and 91.5% of these responses were
positive. The percentage increased to 99.4% (n ¼ 767)
post-intervention. This indicated that the BIRNS
perceived strong support from nurse managers for the
program, and that the level of support increased over
time. Similarly, BIRNs perceived a strong level of
support from their co-workers (91.1% (n ¼ 646)) pre-
intervention, with post-intervention increasing to 97.9%
(n ¼ 764). Patients also became more supportive of the
program after the interventions were in place. Before
the intervention, 71.7% (n ¼ 512) said their patients,
residents and/or families were enthusiastic about the
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Table 2
Injury rates by unit (per 100 workers/year)
Facility Unit Injury rates Rate
change
Pre-
intervention
Post-
intervention
1 NHCU-A 62.2 52.7 k 9.5
NHCU-B 23.1 33.2 m 10.1
2 NHCU-A 14.1 3.7 k10.4
NHCU-B 9.8 0 k 9.8
3 NHCU-A 13.0 8.7 k 4.3
NHCU-B 0 0 0.0
SCI 10.3 0 k10.3
4 NHCU-A 23.8 21.5 k 2.3
NHCU-B 8.1 20.8 m 12.7
NHCU-C 4.1 24.7 m 20.6
5 NHCU-A 11.2 0 k11.2
NHCU-B 11.9 13.1 m 1.2
NHCU-C 4.4 0 k 4.4
SCI 0 3.7 m 3.7
6 NHCU-A 24.1 18.1 k 6.0
NHCU-B 19.4 22.1 m 2.7
NHCU-C 81.8 61.6 k20.2
NHCU-D 16.2 14.4 k 1.8
7 NHCU-A 33.0 15.8 k17.2
NHCU-B 41.0 13.0 k28.0
NHCU-C 60.5 23.6 k36.9
SCI-A 21.3 4.1 k17.2
SCI-B 16.3 18.8 m 2.5
Overall 24.0 16.9 k 7.1
Post-intervention injury rates were found to be significantly
lower than pre-intervention injury rates based on multiple
Poisson regression with w2 (1, n ¼ 46) ¼ 4.42, p ¼ 0.036.
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program and the percentage increased to 96.1%
(n ¼ 746) after the intervention. (Fig. 3)
Perceived effectiveness of program elements: BIRNs on
each high risk unit were asked for their perception of the
effectiveness of each program element. Post-interven-
tion, the patient handling equipment was ranked #1,
with 96% of the respondents rating it as ‘‘extremely
effective’’. The No lift Policy was ranked as the second
highest program element, with 68% rating it as
‘‘extremely effective’’. Ranked #3 was the role of the
peer safety leader (BIRN), with 66% rating this program
element as ‘‘extremely effective’’. Ranked #4, 5, and 6
were the Ergonomic Assessment Protocol, Patient
Handling Assessment Criteria and Decision Algorithms,
and After Action Reviews, which received ratings of
59%, 55%, and 41%, respectively (Table 8).
Program costs
Capital costs: A total of $846,476 was expended to
purchase devices to assist in the handling of patients.
These devices included ceiling mounted patient
lifts, floor-based full body sling lifts, mechanical
lateral transfer aids, powered stand assist lifts, friction-
reducing devices, and gait belts with handles. Capital
costs including maintenance and installation totaled
$1,156,266 with an annualized cost of $115,627 for all 23
units combined, based on a 10-year equipment life-
expectancy.
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Table 4
Median number of modified duty days by site
Site Median number of
modified duty days
by site
Pre-intervention Post-intervention
1 17.8 5
2 1.5 7
3 17.0 6
4 6.5 5
5 9.0 6
6 10.0 7
7 5.0 5
Table 5
Mean number of lost work days by site
Site Pre-intervention Post-intervention
# Injuries
with lost
workdays
Mean
(SD)
# Injuries
with lost
workdays
Mean
(SD)
1 4 32.4(28.7) 9 9.7(11.3)
2 3 4.8(4.5) 1 5.0(0)
3 1 55.0(0) 5 20.2(15.9)
4 1 1(0) 1 8.0(0)
5 1 2(0) 0 0(0)
6 7 7.4(14.0) 4 2.1(2.0)
7 1 2(0) 0 0(0)
Total 18 14.2(21.3) 20 10.5(12.2)
Table 3
Mean number of modified duty days by site
Site Pre-intervention Post-intervention
# Injuries with modified
duty days
Mean (SD) # Injuries with modified
duty days
Mean (SD)
1 6 50.9(64.3) 7 9.6(12.1)
2 1 1.5(0) 3 8.0(5.6)
3 10 21.7(16.4) 13 8.5(8.2)
4 18 16.4(27.1) 17 9.7(10.6)
5 4 10(2.8) 1 6(0)
6 32 28.1(33.8) 17 9.5(6.6)
7 3 6(3.6) 1 5.0(0)
Total 74 24.0(33.0) 59 9.1(8.6)
Table 6
Median number of lost days by site
Site Median number of lost work days
Pre-intervention Post-intervention
1 31.8 8
2 3.0 5
3 55.0 29
4 1.0 8
5 2.0 0
6 2.0 1.5
7 2.0 0
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Nursing staff training costs: Staff training costs were
estimated to be $74,103 with an annualized cost of
$7,410 for all 23 units combined.
Overall program cost: The overall program cost
including equipment, maintenance and training over
the ten-year period was estimated to be $123,037 per
year.
Potential cost avoidance
Cost of medical treatment: The costs associated with
workers’ compensation, diagnostic tests, and physician
services combine to account for the costs of medical
treatment. The cost of care billed by facilities to
workers’ compensation decreased from $62,702 at base-
line to $16,260, post-intervention. The cost of diagnostic
tests/medications was also computed. X-rays, Electro-
cardiograms (EKGs) and computerized axial tomogra-
phy (CT scans) constituted the major diagnostic tests
used for injuries. We computed the average cost,
including readings of X-rays as $95, EKGs as $55 and
CAT scans as $450. The total of these diagnostic tests
remained fairly constant pre- to post-intervention:
$8,610 compared with $7,810. Costs of physician
services were estimated based on CPT Codes, and
remained fairly consistent: $23,778 at baseline and
$25,173 post-intervention. Combining costs associated
with workers’ compensation, diagnostic tests, and
physician services, the overall total cost of medical
treatment decreased from $95,091 to $49,244.
Workers’ compensation costs: Facility Worker’s Com-
pensation payments include continuation of payments
(COP) to injured personnel when the injury results in up
to 45 lost days (short term disability). Beyond 45 days,
the Department of Labor provides cash payments for
long term disability to individuals who are absent from
work. In the pre -intervention stage we estimated COP
facility payments for injured employees in the SPHM
project at $134,763 while for the post-intervention
period we estimated that COP payments declined to
$35,200.
Cost of lost productivity: We characterized lost
productivity as the number of personal leave days and
lost work days taken for recuperation as a result of a
workplace injury (monetary value set equal to the wage
rate) and the number of modified duty work days
(monetary value set equal to one half the wage rate). The
cost of personal days decreased from $55,743 to $49,352
ARTICLE IN PRESS
Self-Reported Unsafe Patient Handling (n=128)
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Fig. 2. Self-reported unsafe patient handling post-intervention
frequency was found to be significantly lower than pre-
intervention based on Cochran–Mantel–Haenzsel test with p-
value of 0.027.
Table 7
Paired t-tests between job satisfaction scores
Scores N Pre-intervention Post-intervention F-value Pr4F
Pay 145 3.42 3.54 1.65 0.20
professional status 145 3.45 3.77 10.17 0.001
Task requirements 145 2.91 3.24 12.4 0.0006
Autonomy 145 3.86 4.09 4.51 0.04
Organizational policies 145 4.03 4.13 0.98 0.32
Interaction 145 3.82 3.8 0.04 0.84
Overall 145 3.63 3.79 4.5 0.04
Experiment-wise po0.05.
BIRN Perceived Support for SPHM
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Fig. 3. BIRN perception of program support by nurse
management, peers, and patients.
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and the cost of modified days decreased from $136,426
to $42,500.
Overall injury costs: Cost of medical treatment,
Workers’ Comp costs, and costs of lost work days,
personal leave days and modified duty days were totaled
to obtain injury cost values for pre -and post-interven-
tion, with a savings of $245,727.
Expected cost savings: The annualized expected over-
all injury costs savings was calculated to be $327,636.
Taking out the program costs per year of $123,037, the
overall annualized cost savings per year was $204,599.
Cost/benefit summary: Over a 10-year period, this
$204,599 cost savings per year translates to over $2
million dollars of savings, excluding the effect of
inflation. The initial capital investment for patient
handling equipment and training was recovered in
approximately 3.75 years based on annual post-inter-
vention savings in workers’ compensation expenses and
costs associated with lost and modified work days.
Rate of return on investment: The higher the IRR, the
more attractive it is as a financial investment. Computa-
tions yielded an IRR of close to 19% for the safe patient
handling and movement project, indicating a very high
return on investment.
Indirect costs not included in the analysis: The indirect
costs of injury and low morale among workers has been
well documented in the literature. A high incidence of
injury undoubtedly results in increased caregiver exodus
costing the facilities in terms of lost productivity and
training costs. We did not include these intangible costs
in our analysis because of the subjective nature of
assigning monetary values to these costs. Such indirect
costs have been estimated as high as five times the direct
cost though an estimate of twice the direct costs is an
accepted measure. Savings in costs related to recruit-
ment and retention of nurses can be substantial in a
workforce traditionally plagued by shortages. Hence, we
feel this study conservatively underestimates the social
value of the interventions implemented.
7. Discussion
Nurses have one of the highest incidences of
musculoskeletal work related back injuries of any
profession. Over the past 30 years, efforts to reduce
work-related musculoskeletal disorders in nurses have
been largely unsuccessful. This study tested a newly
developed patient care ergonomics program designed to
create safer working environments for nurses who
provide direct patient care.
This study is consistent with other field studies
supporting the use of patient handling equipment as
part of a comprehensive patient care ergonomics
program to reduce work-related musculoskeletal injuries
in careivers. Collins et al., (2004) implemented a similar
multi-faceted program including patient handling equip-
ment, comprehensive training on proper lift use, and a
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Table 8
Perceived effectiveness of program elements pre-intervention and post-intervention
Intervention
time period
Not at all
effective
Somewhat
ineffective
No effect Somewhat
effective
Extremely
effective
Unsure Total
Patient handling and moving equipment
Pre- 0 (0%) 2 (0.3%) 49 (6.6%) 141 (18.9%) 547 (73.1%) 9 (1.2%) 748
Post- 2 (0.3%) 0 (0%) 1 (0.1%) 21 (2.7%) 753 (96.4%) 4 (0.5%) 781
Effectiveness of no lift policy
Pre- 5 (0.7%) 6 (0.9%) 108 (15.6%) 145 (21.0%) 261 (37.7%) 167 (24.1%) 692
Post- 0 (0%) 0 (0%) 20 (2.6%) 170 (21.9%) 530 (68.3%) 56 (7.2%) 776
Effectiveness of BIRN (Back injury resource nurse)
Pre- 2 (0.3%) 4 (0.5%) 42 (5.6%) 347 (46%) 333 (44.2%) 26 (3.4%) 754
Post- 0 (0%) 5 (0.6%) 38 (4.9%) 216 (27.7%) 518 (66.3%) 4 (0.5%) 781
Effectiveness of ergonomic assessment protocol
Pre- 4 (0.6%) 5 (0.7%) 148 (21.5%) 160 (23.2%) 135 (19.6%) 237 (34.4%) 689
Post- 3 (0.4%) 0 (0%) 54 (6.9%) 199 (25.3%) 461 (58.6%) 70 (8.9%) 787
Effectiveness of patient handling assessment criteria and decision algorithms
Pre- 9 (1.5%) 2 (0.3%) 146 (23.6%) 119 (19.3%) 103 (16.7%) 239 (38.7%) 618
Post- 19 (2.5%) 0 (0%) 37 (4.9%) 235 (31.0%) 417 (54.9%) 51 (6.7%) 759
Effectiveness of AAR (after action review)
Pre- 8 (1.1%) 5 (0.7%) 175 (25.1%) 181 (26.0%) 165 (23.7%) 162 (23.3%) 696
Post- 10 (1.3%) 3 (0.4%) 164 (21.7%) 161 (21.3%) 308 (40.8%) 109 (14.4%) 755
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zero lift policy that resulted in significant decreases in
injury rate and lost workday and restricted workday
injury rates. Costs of injuries to caregivers associated
with lifting and moving residents also decreased.
Similarly, after deployment of mechanical patient lifts,
another team of investigators reported reductions
in injury rates, lost workday injury rates, workers’
compensation costs, and musculoskeletal symptoms
(Li et al., 2004).
Our program resulted in improvements in injury rates,
modified duty days, job satisfaction, costs, and self-
reported performance of ‘unsafe’ patient handling
practices, however, while the number of lost work days
decreased, this change was not statistically significant.
Further, while injury rates decreased in 15 of the 23
units, 7 units actually reported a slight increase in injury
rates and 1 unit remained unchanged.
The complex, contextual aspect of the work environ-
ment cannot be ignored, and these issues may help
explain results from this study, as well as finding from
other multifaceted intervention programs designed to
reduce risk to caregivers. Each of these issues will be
briefly discussed.
First, nurses notoriously under report injuries (Yassi
et al., 1985; Collins et al., 2004). A national survey was
conducted in Scotland (McGuire and Dewar, 1995),
which included 5,184 randomly selected nurses (73%
response rate N ¼ 4918). One area examined was
reporting of injuries. 33.4% of subjects had sustained
an injury related to patient handling but only 52% of
those with an injury had reported it. Several reasons for
under reporting have been documented in the literature:
(1) unawareness of injury until after the event (waking
up sore, calling in, and deciding after the fact to
ignore it) (McGuire and Dewar, 1995; Retsas and
Pinikahana, 2000), (2) confusion over whether going
home with a dull ache is considered an injury (Collins,
1990; McGuire and Dewar, 1995), (3) bureaucracy
associated with reporting an injury is determined to be
too great a barrier, particularly when the injury is minor
and /or not physically debilitating (Collins, 1990; James,
1989; McGuire and Dewar, 1995; Retsas and Pinikaha-
na, 2000); (4) fear of dismissal (Collins, 1990; Retsas and
Pinikahana, 2000) or of being stigmatized (Collins, 1990;
Retsas and Pinikahana, 2000), (5) socialization of nurses
to focus on patient care and deny their own needs/safety
(Collins, 1990), (6) peer pressure not to take time off for
injury, because rarely are caregivers replaced on the job;
taking time off increases the exposure of the nurses left
at work, who also have pain and may be less than
supportive of an injured worker (Collins, 1990), and (7)
perceived lack of support from occupational health
providers who may be dismissive of reports of back
pain, discouraging reporting, particularly since much of
the medical evaluation is subjective and there are not
clear diagnostic tests (Collins, 1990). Under reporting of
occupational injuries in nursing affects the evaluation of
interventions. Baseline injury data are much lower than
expected, while efforts to raise the awareness of safety
and occupational injuries can lead to an increase in
reporting post-intervention. With a programmatic em-
phasis on staff education and a culture of safety, it is
possible to heighten the awareness and increase report-
ing. While our study showed a significant decrease in
injuries from pre-to post-intervention, the magnitude of
this difference may be hidden. In three of our study units
where an increase in lost work days was reported post-
intervention, focus groups held with staff at baseline
revealed a fear of reporting injuries, based either on
retribution expected from peers or superiors. In these
areas, an increase in reporting could actually be viewed
as a positive outcome, supporting a healthier culture of
safety.
Another factor is the issue of specifying endpoints for
injury data. As is common in studies capturing injury
data from cumulative injuries, problems with the end-
points for injury data were noted for both lost workdays
and modified workdays. For example, a lost workday
injury during pre-intervention time period can carry
over into post-intervention time period, just as a lost
workday in post-intervention may continue after the
study is concluded. This inability to follow all lost time
and modified duty days to closure may result in
excluding important injury information. Most impor-
tantly, since the link between exposure and injury has
not yet been established for patient handling injuries, the
onset of injury in post-intervention may have been
related to exposure that occurred pre-intervention.
Another challenge is the management of multiple
injuries within the same subject, as well as re-injury
that may or may not be job-related.
Nursing turnover rates also impede data collection
and skew results. For example, it is difficult to determine
the denominator when calculating injury rates, since the
number of staff on a unit varies significantly over time
combined with the difficulty of capturing staff that
‘float’ into and out of a unit on a shift-by-shift basis.
Also, on units with high turnover rates, injured staff
may leave the participating unit, hampering follow-up
efforts for both baseline and post-intervention periods.
The turnover of nursing staff on some of the units in this
study exceeded 65%. This means that staff cohorts pre
and post intervention were largely different. Further,
since injuries tend to be cumulative, we were not able to
clearly estimate exposure in new staff, who worked in
other settings.
Our study follow up period was 9 months, a
timeframe adequate to address immediate impacts of
the program, but not likely to fully evaluate the impact
of the program longitudinally. A minimum of 2–3 years
of post-intervention data collection is typically necessary
to give adequate time for capturing improvements,
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especially related to musculoskeletal discomfort out-
come measures (Collins, 1990). It is likely that the short
post-intervention data collection period of our study
was insufficient to detect longer term benefits related to
the decreasing severity of injuries.
Another issue likely to affect our study is the
limitations of self-report data. Injuries were self-
reported and it is possible that the data associations
may have been associated with common method
variance (Spector, 1994), hypochondria (Ferguson,
1998) and/or negative affectivity (Watson and Clark,
1984). But, because physical examination may not be
able to detect physical injury when non-specific pain is
reported (Griffiths, 1994; Greening and Lynn, 1998),
self-report may be the only way to capture this
information. Randall and colleagues (2002) noted that
the challenge is to develop reliable measures and to
understand and make suitable allowance for sources of
bias in such reports. Given musculoskeletal damage,
which can only be detected using the most sensitive of
measuring devices, may be associated with real dis-
comfort (Greening and Lynn, 1998), such data may also
be the only practical way of identifying the early stages
of the development of musculoskeletal problems. For
other self-reported data we used strategies such as
triangulation, whereby we obtained perceptions from
multiple sources as a way to validate findings.
Additionally, there are confounding variables likely to
affect our results. Work related exposure is difficult to
capture given staff turnover, frequent floating to other
units, and exposure in previous jobs. Further, the
etiology of cumulative injuries is not always clear.
Consider, for example, a nurse who is working two jobs,
or who participates in non-work related activities likely
to contribute to a cumulative injury. Further, a nurse
who is detailed to another unit where they lack proper
patient equipment and a no lift policy may be injured,
and this injury is recorded on the original unit for which
they were assigned. Key confounders not controlled for
in this study include social aspects of the work and
workplace; physical and social aspects of life outside the
workplace; economic incentives/cultural values; and
physical/psychological characteristics of the individual
(Panel on Musculoskeletal Disorders and the Work-
place, 2001). We did, however, control for type of
nursing units, level of nursing personnel, type of
equipment available, and other aspects of the organiza-
tion in the work environment. Further, we triangulated
data from multiple sources, e.g., BIRN reports, focus
groups of nursing staff, focus groups with managers,
patient interviews, surveys, and injury reports.
Other temporal issues include the difficulty of having
precise pre- and post-intervention data collection time
periods. With the necessary phasing in of program
elements and patient handling equipment, and the need
for time for staff to adapt to new equipment and
procedures, it is difficult to have a precise start point for
post-intervention. To counter this, we allowed a one-
month settling-in period between phasing in of program
elements and equipment and post-intervention data
collection but this time period was insufficient. We
recommend extending that time period to a minimum of
two to three months.
Program fidelity is a critical issue. When designing
multifaceted programs, you cannot tell which program
elements most contributed to the success/non-success.
Further, as with any multi-site intervention study the
dose of the intervention varies by site and over time. We
maintained close contact with each site and maintained
monthly process logs to assure that an adequate dose of
the intervention was implemented and maintained over
time.
8. Conclusions and recommendations for future research
This multi-faceted program resulted in positive out-
comes associated with injury rates, modified duty days,
job satisfaction, self-reported safety in performing
patient handling tasks, and cost. The program was well
accepted by patients, nursing staff, and administrators.
While the total number of lost workdays decreased by
18% post-intervention, this difference was not statisti-
cally significant. We believe the program was successful
in the short term. Further research is needed to evaluate
long term impact of the program. While the program
was deemed effective, there is still significant room for
improvement in creating safe work environments for
nursing staff.
Our multifaceted program focused interventions on
high-risk units, where there is significant exposure to ‘‘at
risk’’ tasks, such as patient lifts and transfers. This target
group offered the most opportunity for improvement.
Future research is needed to develop and test multi-
faceted programs for moderate risk units or areas with
acute nursing shortages, such as critical care, operating
room, and medical/surgical units.
This study showed that the reduction in workers’
compensation medical and indemnity expenses effec-
tively recovered the initial capital investment in equip-
ment and training costs in approximately 3.75 years and
potentially more quickly if indirect cost savings are
considered. Further research is needed to justify capital
investment in patient handling equipment and other
program elements, focusing on program costs, return on
investment, and cost effectiveness. This financial justi-
fication is a critical step for administrators consider
whether to allocate resources to a patient care ergo-
nomics program. Efforts to build a business case for
patient care ergonomics would facilitate implementation
of this program on a national level.
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Under reporting of patient handling injuries is a
critical problem (US Department of Health Human
Services (USDHHS), 1999), and consequently is a major
obstacle to studying nursing injuries Further research is
needed to examine how nursing staff make decisions
about when to report chronic musculoskeletal pain as an
‘‘injury’’. Further complicating reporting, injury report
forms are often designed to capture acute injuries and
may fail to capture important information about
cumulative injuries. Injury forms need to be revised to
more fully describe cumulative injuries in a way that is
not burdensome the nurse reporting the injury. Lastly,
the culture of injury reporting on units influences the
number of injuries reported.
Because musculoskeletal pain and discomfort are
considered the initial symptoms of musculoskeletal
impairment and disability (US Department of Health
Human Services (USDHHS), 1999) and most patient
handling injuries are cumulative in nature, further
research is needed to physiologically characterize
musculoskeletal cumulative trauma injuries to determine
at what point the threshold of a muscle for micro-tears is
exceeded and an acute injury develops. Randall et al.,
(2002) and Menzel et al., (2004) corroborated the need
to study musculoskeletal discomfort more completely to
become aware of the nuances of musculoskeletal pain.
Technology holds much promise as a solution for
reducing risks associated with patient handling, but care
needs to be taken to include direct care providers in
equipment purchase decisions. Also, few facilities have
developed equipment maintenance and repair programs.
Lack of such programs interferes with safe and optimal
use of equipment.
While the patient handling equipment was well
accepted by staff and patients, and rated as the most
effective aspect of the program by caregivers, gaps in
technology were noted. Currently, there are no viable
technology solutions for a high-risk, high-volume
patient handling task: repositioning a patient in a bed
or chair. Anecdotal data from our study revealed post-
intervention, musculoskeletal discomfort was associated
with repositioning tasks. Further development research
is needed to design prototypes for managing this key
patient handling task.
Lastly, while this study focused on caregiver safety,
issues related to patient safety and quality of care need
further study. Nurses with chronic musculoskeletal pain
are less likely to move physically dependent patients or
provide high-risks tasks that would jeopardize their
health. Dedicated nursing staff who force themselves to
provide these tasks while in pain, could inadvertently
drop a patient or cause skin tears while dragging a
patient across surfaces during a transfer. On units where
staffing is short, injured nurses working on modified
duty status further tax the staffing resources and
increase the exposure of their coworker’s to a higher
concentration of high risks tasks. More research is
needed on the role staffing (and indirectly, risk
exposure) in patient care related injuries.
This study has several limitations. First, there was no
control group. Secondly, the data collection interval was
brief (9 months), which did not allow for long term
benefits to be identified. Given the cumulative nature of
nursing injuries, a 3 year follow up period would be
ideal. Also, some bias may have been introduced by
asking respondents to self-report outcome measures.
Lessons learned include:
 Fiscal outlay for patient-handling equipment may
initially appear to be prohibitive, but the program is
cost-effective. The highest cost item was the patient
handling equipment, which was perceived by nurses
as the most beneficial program element. In addition,
there are ways to work around initial equipment
expense by working with manufacturers or workers
compensation insurance carriers, or using creative
financing or acquisition methods. Patients are less likely than nursing staff and
administrators to embrace new patient handling
technologies and practices at the onset of the
program, however, over time, patients and their
family members grow to accept these innovations. The role of the back injury resource nurse (BIRN)
offers an opportunity to empower nurses to modify
their work environment to promote safety. This peer
leader program is much more effective than tradi-
tional educational approaches, and has the added
benefit of facilitating implementation of the program
as well as to help sustain the program over time. Nurses need additional training to fully participate in
ergonomic assessments of work environments. How-
ever, the unique work environment of nurses,
combined with high levels of risk and environmental
hazards, warrants closer collaboration between
ergonomists and direct patient care providers.
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